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CHEMICAL CHARACTERISTICS OF SOME DRINKING  WATERS 
FROM EASTERN AND SOUTH-EASTERN MACEDONIA
Tena Sijakova-Ivanova1, Blazo Boev1, 
Vesna Zajkova-Paneva1, Vojo Mircovski1
1)DFXOW\ RI 1DWXUDO DQG 7HFKQLFDO 6FLHQFHV 
´*RFH 'HOĀHY” 8QLYHUVLW\ 32 %R[  0.  äWLS 
5HSXEOLF RI 0DFHGRQLD  
WHQDLYDQRYD#XJGHGXPN
Abstract
,Q WKLV SDSHU DUH JLYHQ WKH UHVXOWV REWDLQHG IRU FRQFHQWUDWLRQ RI PDFUR 
PLFUR WUDFH DQG XOWUDWUDFH HOHPHQWV  LQ VRPH GULQNLQJ  ZDWHUV IURP еDVWHUQ DQG 
VRXWKHDVWHUQ 0DFHGRQLD ,Q RXU VWXG\ ZHUH LQYHVWLJDWHG  VDPSOHV RI GULQNLQJ 
ZDWHUV IURP WKH WRZQV9HOHV 6WLS 9LQLFD 3HKFHYR 'HOFHYR 5DGRYLV 
1HJRWLQR %RJGDQFL DQG 'RMUDQ  2EWDLQHG UHVXOWV VKRZHG WKDW PRVW RI WKH 
DQDO\]HG HOHPHQWV LQ DOO VHOHFWHG ZDWHU VDPSOHV ZHUH EHORZ WKH 0DFHGRQLDQ 
PD[LPXP DOORZDEOH OHYHOV DQG :+2 ZDWHU VWDQGDUGV .QRZLQJ WKH ZDWHU 
TXDOLW\ RI WKH UHVHDUFK DUHD LV RI SDUWLFXODU LPSRUWDQFH EHFDXVH WKHVH ZDWHUV 
DUH XVHG E\ WKH UHVLGHQWV RI WKLV UHJLRQ DV GULQNLQJ ZDWHU $FFRUGLQJ WR WKH 
REWDLQHG YDOXHV IRU WRWDO KDUGQHVV LQYHVWLJDWHG ZDWHUV DUH KDUG PRGHUDWHO\ 
KDUG DQG YHU\ KDUG H[FHSW LQ 9HOHV ZKHUH WKH ZDWHU LV VRIW $IWHU 3LSHU GLDJUDP 
WKH W\SH RI ZDWHU LQ WKH VWXG\ DUHD LV PDLQO\ FDOFLXP  PDJQHVLXP ELFDUERQDWH
Key words: drinking water; trace elements; pH; TDS
Ǧтручен труд8'& 
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Факултет за природни и технички науки 
Универзитет ÅГоце Делчев´ Штип
WHQDLYDQRYD#XJGHGXPN
Апстракт
Ǘо овоȆ труд ȥе дадена ȗеохеȠиȥките карактериȥтики на водите за 
пиеȅе од ǝȥточна ǡакедониȆа и Ȇуȗоиȥточна ǡакедониȆа Ǖнализирани 
ȥе девет приȠероци на вода од ȗрадовите Ǘелеȥ Штип Ǘиница  Ǥехчево 
Делчево ǥадовиȬ Ǣеȗотино ǖоȗданци и ДоȆран Доȕиените податоци 
покаȚаа дека наȆȗолеȠ дел од иȥпитуваните елеȠенти ȥе во ȗраниците 
на ȠакȥиȠално дозволените концентрации пропиȬани од Ǧветȥката 
здравȥтвена орȗанизациȆа Ǧпоред доȕиените вредноȥти за тврдоȥта на 
водата иȥпитуваните води ȥе тврди уȠерено тврди и Ƞноȗу тврди ȥо 
иȥклучок на водата од Ǘелеȥ коȆа е Ƞека Ǘиȥоките вредноȥти за тврдоȥта 
на водата ȥе долȚат ȗлавно на раȥтворливоȥта на карȕонатните карпи 
Ǧпоред 3LSHU диȆаȗраȠот анализираните води ȥе калциуȠȠаȗнезиуȠ 
ȕикарȕонатни
Клучни зборови: води за пиење, елементи во траги, pH, TDS.
Introduction
:DWHU LV LPSRUWDQW VRXUFH RI LQWDNH RI WUDFH HOHPHQWV LQ KXPDQV DQG 
DQ HVVHQWLDO FRPSRQHQW IRU OLIH 7KH FKHPLFDO FRQVWLWXHQWV RI QDWXUDO ZDWHU 
DUH GHULYHG IURP ZDWHU–URFN LQWHUDFWLRQV VXFK DV GLVVROXWLRQ DQG PLQHUDO–
ZDWHU HTXLOLEULD ,Q GULQNLQJ ZDWHUV WUDFH HOHPHQWV HVSHFLDOO\ PHWDOV PD\ 
EH SUHVHQW LQ GLIIHUHQW SK\VLFRFKHPLFDO IRUPV YDU\LQJ LQ VL]H FKDUJH DQG 
GHQVLW\ 7UDFH HOHPHQWV FDQ EH FDWHJRUL]HG LQWR WKRVH HVVHQWLDO WR KXPDQ OLIH 
VXFK DV )H &X 0Q &U &R 0R 6H =Q DQG WKRVH SRWHQWLDOO\ WR[LF OLNH $J 
$V &G 3E DQG 1L &HUWDLQ HVVHQWLDO WUDFH HOHPHQWV VXFK DV &U )H &R 0Q DQG 
6H FDQ EH WR[LF ZKHQ FRQFHQWUDWLRQV DUH UDLVHG DERYH VSHFLÀF OHYHOV 7UDFH 
HOHPHQWV FRQFHQWUDWLRQV LQ WKH QDWXUDO ZDWHUV YDU\ ZLGHO\ GHSHQGLQJ RQ WKH 
JHRFKHPLVWU\ RI URFNV LQ WKH LPPHGLDWH HQYLURQPHQW 7UDFH HOHPHQWV QHHGHG 
LQ YHU\ PLQXWH TXDQWLWLHV >@ PD\ KDYH ELRWR[LF HIIHFWV LQ KXPDQ ELRFKHPLVWU\ 
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DQG DUH RI JUHDW FRQFHUQ .QRZOHGJH RI URFN W\SHV DQG PLQHUDOL]DWLRQ LQ D 
SDUWLFXODU DUHD FDQ KHOS WR ÀQG RXW SRWHQWLDO KHDOWK SUREOHP ZLWK FRQFHQWUDWLRQ 
RI SDUWLFXODU HOHPHQWV DQG WKH W\SH RI WUDFH HOHPHQWV FRQWDPLQDWHV YDULHV ZLWK 
WKH PLQHUDOL]DWLRQ RI WKH DUHD >@>@ 
Results and discussion
,Q RXU VWXG\ ZHUH LQYHVWLJDWHG VDPSOHV RI GULQNLQJ  ZDWHUV IURP WKH 
WRZQV 9HOHV 6WLS 9LQLFD 3HKFHYR 'HOFHYR 5DGRYLV 1HJRWLQR %RJGDQFL 
DQG 'RMUDQ /RFDOLWLHV ZKHUH VDPSOHV ZHUH WDNHQ DUH VKRZQ LQ )LJXUH 
Fig. 1. /RFDOLWLHV ZKHUH VDPSOHV DUH WDNHQ
$FFRUGLQJ WR TXDQWLW\ HOHPHQWV LQ GULQNLQJ ZDWHUV DUH GHYLGHG RQ 
PDFUR PDMRULW\ HOHPHQWV ! PJNJ SSP    1D . 0J &D &O 
3 – PLFUR PLQRULW\ HOHPHQWV  –  PJNJ )H =Q – WUDFH HOHPHQWV   
PJNJ $O $V % &G &R &U &X ) +J , 0Q 0R 1L 3E 6H 6Q – XOWUDWUDFH 
HOHPHQWV JNJSSE 7KHUH DUH VHYHUDO IDFWRUV WKDW FRQWURO KRZ PXFK RI D 
FHUWDLQ WUDFH HOHPHQW ZLOO EH SUHVHQW LQ GULQNLQJ  ZDWHUV DPRXQW RI WKH HOHPHQW 
LQ WKH URFN WKURXJK ZKLFK WKH ZDWHU ÁRZV VROXELOLW\ RI WKDW HOHPHQW XQGHU WKH 
FRQGLWLRQV WKDW H[LVW LQ WKH DTXLIHU ÁRZ UDWH RI WKH ZDWHU DQG KHQFH WKH FRQWDFW 
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WLPH EHWZHHQ WKH ZDWHU DQG WKH URFN >@ 7KH SUHVHQFH RI PDFUR PLFUR WUDFH 
DQG XOWUDWUDFH HOHPHQWV LQ LQYHVWLJDWHG ZDWHU VDPSOHV KDYH EHHQ GHSLFWHG LQ 
WDEOHV     DQG  UHVSHFWLYHO\
7KH FRQWHQWV RI &D DQG 0J GHWHUPLQH WKH KDUGQHVV RI WKH ZDWHU 
ZKLFK LV DQ LPSRUWDQW SDUDPHWHU IRU UHGXFLQJ WKH WR[LF HIIHFWV RI VRPH RI WKH 
HOHPHQWV &RQFHQWUDWLRQ RI FDOFLXP LQ VWXGLHG ZDWHUV LV LQ UDQJH RI  
SSP &RQFHQWUDWLRQ RI PDJQHVLXP LQ VWXGLHG ZDWHUV YDULHV IURP  
SSP
Table 1 &RQFHQWUDWLRQ RI &D 0J 1D . )H 0Q $O % 0R DQG 7L
Ca 0J Na . )H 0Q Al % 0R 7L
Veles        3  26
6WLS        123  32
5DGRYLV        3  41
9LQLFD        3  35
3HKFHYR        3  36
'HOFHYR 30       41  36
%RJGDQFL        92  50
'RMUDQ        131  38
1HJRWLQR        3  65
7KH PDMRU VRXUFH RI VRGLXP LQ QDWXUDO ZDWHUV LV IURP ZHDWKHULQJ RI 
IHOGVSDUV FOD\ DQG  HYDSRUDWHV 6RGLXP VDOWV DUH YHU\ VROXEOH DQG UHPDLQ LQ 
VROXWLRQ &RQFHQWUDWLRQ RI VRGLXP LQ VWXGLHG ZDWHUV YDU\LHV IURP  WR 
 SSP
3RWDVVLXP LV OHVV DEXQGDQW WKDQ VRGLXP LQ QDWXUDO ZDWHUV ,WV FRQFHQWUDWLRQ 
UDUHO\ H[FHHGV  PJO LQ QDWXUDO ZDWHUV 7KH UDQJH RI VSHFLÀF OHYHOV RI VRGLXP 
LV PLQLPXP  SSP LQ 1HJRWLQR WR PD[LPXP  SSP LQ 'RMUDQ 
7KH JUDSKLF SUHVHQWDWLRQ RQ  FRQFHQWUDWLRQV RI &D0J1D DQG . LV JLYHQ 
LQ ÀJ 
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Fig 2 *UDSKLF SUHVHQWDWLRQ RI WKH FRQFHQWUDWLRQ RI &D0J1D DQG .
Table 2 &RQFHQWUDWLRQ RI 6U %D 5E /L &V %H =Q 3E &G &X DQG 1L
Sr %D 5E /L Cs %H =Q 3E &G &X 1L
Veles 50 2         
6WLS 529 24         
5DGRYLV 633 3         
9LQLFD 86 2         
3HKFHYR 63 2         
'HOFHYR 233 32         
%RJGDQFL 230 6         
'RMUDQ 365 7         
1HJRWLQR 101 3         
*UDSKLF SUHVHQWDWLRQ RI WKH FRQFHQWUDWLRQ RI 6U %D 5E DQG /L LV VKRZQ 
LQ )LJ
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Fig 3  Graphic presentation of the concentration of Sr, Ba, Rb and Li
Table 3 &RQFHQWUDWLRQ RI &R &U 9 $V 6H 6E 7O %L *D *H DQG 3G
Co Cr V As Se 6E Tl %L *D *H 3G
Veles           
6WLS           
5DGRYLV           
9LQLFD           
3HKFHYR           
'HOFHYR           
%RJGDQFL           
'RMUDQ           
1HJRWLQR           
Table 4 &RQFHQWUDWLRQ RI $J 6Q 8 &O ) DQG S+
$J 6Q 8 Cl ) pH
Veles      
6WLS      
5DGRYLV      
9LQLFD      
3HKFHYR      
'HOFHYR      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%RJGDQFL      
'RMUDQ      
1HJRWLQR      
6XOIDWH LV WKH IRUP LQ ZKLFK VXOIXU XVXDOO\ RFFXUV LQ ZDWHU 7KH PD[LPXP 
YDOXH RI VXOIDWH LQ GULQNLQJ ZDWHU LV  PJOLWHU 6XOSKDWH FRQFHQWUDWLRQ LQ 
LQYHVWLJDWHG ZDWHUV YDULHV IURP  LQ 6WLS  WR PJO  LQ 'RMUDQ DQG 
WKHVH YDOXHV DUH ZLWKLQ SHUPLVVLEOH OLPLWV SUHVFULEHG E\ :+2 7DEOH 
&KORULGH FRQFHQWUDWLRQ YDULHV IURP  WR  PJO ZKLFK LV ORZHU 
WKDQ WKH :+2 VWDQGDUGV
)OXRULGH FRQFHQWUDWLRQV LQ ZDWHU DUH QRUPDOO\ YHU\ ORZ $FFRUGLQJ WR 
>@ WKH PD[LPXP SHUPLVVLEOH OLPLW RI ÁXRULGH LQ GULQNLQJ ZDWHU LV  SSP 
)OXRULGH FRQFHQWUDWLRQV DERYH  SSP LQ GULQNLQJ ZDWHU FDXVH GHQWDO ÁXRURVLV 
DQG PXFK KLJKHU FRQFHQWUDWLRQ VNHOHWDO ÁXRURVLV >@>@ &RQFHQWUDWLRQ RI 
ÁXRULGH LQ WKH VWXG\ DUHD LV LQ WKH UDQJH RI DFFHSWDEOH OLPLW – PJO RI 
:+2 JXLGHOLQHV IRU GULQNLQJ ZDWHU TXDOLW\ >@ 'HSHQGHQFH EHWZHHQ &O – . 
Cl +&2 
 
) &O ) 0J DQG ) . LV SURSRUWLRQDO
3URSRUWLRQDO GHSHQGHQFH EHWZHHQ &O – . &O +&2 
 
) &O ) 0J DQG 
) . LV VKRZQ RQ ÀJ  DQG  UHVSHFWLYHO\
Fig 4  Dependence between  Cl- and K
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Fig 5  Dependence between  Cl- and HCO3
Fig 6  Dependence between  F- and  Cl-
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Fig 7  Dependence between  F- and  Mg
Fig 8 Dependence between  F- and  K
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Table 5 &RQFHQWUDWLRQ RI 123   NO2  PO4  NH4  CO  SO4 HCO3 DQG CaCO3
NO3 NO2 PO4 NH4 SO4 CO3 HCO3 CaCO3
Veles       50 
6WLS       300 
5DGRYLV       142 
9LQLFD       71 
3HKFHYR       79 
'HOFHYR       155 
%RJGDQFL       281 102
'RMUDQ       421 
1HJRWLQR       98 134
*UDSKLF SUHVHQWDWLRQ RI WKH FRQFHQWUDWLRQ RI 123   PO4  DQG  SO4 LV 
JLYHQ LQ ÀJ  
Fig 9 Graphic presentation of the concentration of NO3 ,  PO4,  and,  
SO42-,
7'6 LV XVHG IRU HVWLPDWLRQ RI WRWDO GLVVROYHG VDOWV LQ ZDWHU >@ ZKLFK 
PD\ KDYH DQ LPSDFW RQ WKH WDVWH DQG VXLWDELOLW\ IRU XVH RI ZDWHU IRU YDULRXV 
SXUSRVHV 7KH PHDVXUHG YDOXHV IRU 7'6 YDULHV IURP  WR  SSP  2Q 
FRPSDULVRQ ZLWK WKH :+2 ZDWHU VWDQGDUGV  SSP ZDV REVHUYHG WKDW LQ 
DOO WHVWHG ZDWHUV WKH  7'6 YDOXH  LV ORZHU WKDQ WKH :+2 VWDQGDUG
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(& 7KH HOHFWULFDO FRQGXFWLYLW\ LV D PHDVXUH RI WKH FDSDFLW\ RI ZDWHU WR 
FRQGXFW HOHFWULFDO FXUUHQW LW LV GLUHFWO\ UHODWHG WR WKH FRQFHQWUDWLRQ RI VDOWV 
GLVVROYHG LQ ZDWHU DQG WKHUHIRUH WR WKH 7RWDO 'LVVROYHG 6ROLGV 7'6 2EWDLQHG 
YDOXHV IRU 7+ 7'6 DQG (& DUH JLYHQ LQ WDEOH  
Table 6 &RQFHQWUDWLRQ RI 7+ 7'6 DQG (& 
+DUGQHVV 
FRQFHQWUDFLRQ &D&23 
PJO 7+
&ODVVLÀFDWLRQ TDS (& 6FP
Veles 50 VRIW ZDWHU 100 156
6WLS 300 YHU\ KDUG ZDWHU 601 939
5DGRYLV 142 KDUG ZDWHU 285 445
9LQLFD 71 PRGHUDWHO\ KDUG ZDWHU 142 221
3HKFHYR 79 PRGHUDWHO\ KDUG ZDWHU 158 247
'HOFHYR 205 YHU\ KDUG ZDWHU 310 484
%RJGDQFL 281 YHU\ KDUG ZDWHU 362 566
'RMUDQ 421 YHU\ KDUG ZDWHU 843 1317
1HJRWLQR 98 PRGHUDWHO\ KDUG ZDWHU 197 308
$IWHU 3LSHU GLDJUDP  ÀJ  WKH W\SH RI ZDWHU LQ WKH VWXG\ DUHD LV PDLQO\ 
FDOFLXP  PDJQHVLXP ELFDUERQDWH 7KLV GLDJUDP FRQVLVWV RI WZR ORZHU WULDQJOHV 
WKDW VKRZ WKH SHUFHQWDJH GLVWULEXWLRQ RQ WKH PLOOL HTXLYDOHQW EDVLV RI WKH PDMRU 
FDWLRQV 0J &D DQG 1D .  DQG WKH PDMRU DQLRQV &O  624 
 DQG &23
 
 +&23
  DQG D GLDPRQGVKDSHG SDUW DERYH WKDW VXPPDUL]HV WKH GRPLQDQW 
FDWLRQV DQG DQLRQV WR LQGLFDWH WKH ÀQDO ZDWHU W\SH >@ 7KLV FODVVLÀFDWLRQ 
V\VWHP VKRZV WKH DQLRQ DQG FDWLRQ IDFLHV LQ WHUPV RI PDMRULRQ SHUFHQWDJHV 
7KH ZDWHU W\SHV DUH GHVLJQDWHG DFFRUGLQJ WR WKH DUHD LQ ZKLFK WKH\ RFFXU RQ WKH 
GLDJUDP VHJPHQWV 7KH FDWLRQ GLVWULEXWLRQ LQGLFDWHV WKDW WKH VDPSOHV UDQJH LQ 
FRPSRVLWLRQ IURP FDOFLXP  PDJQHVLXP WR SUHGRPLQDQWO\ PL[HG FDWLRQ ,Q WKH 
DQLRQ WULDQJOH WKHUH LV D WHQGHQF\ WRZDUG ELFDUERQDWH W\SH ZDWHU
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Fig 10. 3LSHU GLDJUDP
$V D UHVXOW RI KLJK FRQFHQWUDWLRQ RI FDOFLXP DQG PDJQHVLXP ZDWHU LQ 
VRPH RI LQYHVWLJDWHG VDPSOHV LV KDUG PRGHUDWHO\ KDUG DQG YHU\ KDUG
Conclusion
)URP WKH SUHVHQWHG IDFWV DERYH LW FDQ EH FRQFOXGHG WKDW PRVW RI WKH 
DQDO\]HG HOHPHQWV LQ DOO VHOHFWHG ZDWHU VDPSOHV ZHUH EHORZ WKH 0DFHGRQLDQ 
PD[LPXP DOORZDEOH OHYHOV DQG :+2 ZDWHU VWDQGDUGV $FFRUGLQJ WR WKH 
REWDLQHG YDOXHV IRU WRWDO KDUGQHVV LQYHVWLJDWHG ZDWHUV DUH KDUG PRGHUDWHO\ 
KDUG DQG YHU\ KDUG H[FHSW LQ 9HOHV ZKHUH WKH ZDWHU LV VRIW  +LJK YDOXHV 
IRU WRWDO KDUGQHVV DUH PDLQO\ GXH WR VROXELOLW\ RI FDUERQDWH URFNV $IWHU 3LSHU 
GLDJUDP WKH W\SH RI ZDWHU LQ WKH VWXG\ DUHD LV PDLQO\ FDOFLXP  PDJQHVLXP 
ELFDUERQDWH
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